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0 Device and method for reducing volume of aqueous waste effluents. 
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@ The device for reducing the volume of an aque- 
ous waste effluent includes a holding tank, a heating 
tank for receiving waste effluent from the holding 
tank and including a heater for heating the waste 
effluent to a predetermined temperature which is 
beiow the boiling point of water and high enough to 
cause a portion of the water to evaporate and be 
discharged as water vapors, an agitation pump for 
continuously recirculating the liquids contents of the 
I heating tank and filter units mounted on top of the 
heating tank for separating solids and particulate 
matter from the resulting slurry and returning the 
filtrate to the heating tank. During operation, a trans- 
fer pump transfers waste effluent from the holding 
tank to the heating tank, the heater is turned off after 
a predetermined heating cycle to aJlow the slurry to 
cool to a temperature which promotes precipitation 
of dissolved solids, a filter pump thereafter periodi- 
cally introduces a predetermined quantity of me 
cooled slurry into a filter unit and the filtrate drains 
back into the heating tank, and the heating, cooling 
and filter cycles are repeated. The solids collected in 



the filter unit{s) can be refined to recover valuable 
metals or disposed of in an appropriate manner. 
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DEVICE AND METHOD FOR REDUCING VOLUME OF AQUEOUS WASTE EFFLUENTS 



BACKGROUND OF THE INVENTION 



This invention relates to devices and methods 
for reducing the volume of aqueous waste effluents 
containing dissolved solids, such as developer, fix* 
er and/or wash water from processing photosen- 
sitive materials* 

Various aqueous waste effluents containing dis- 
soived solids, such as developer, fixer and/or wash 
water from processing photographic Rim, X-ray 
film, graphic art materials and the like, often in* 
dude amounts of undesirable chemicais, such as 
silver, lead, ferrocyanide, thiosuifates and organic 
materials, above that permitted by federal, state 
and/or local government regulations for disposal in 
open bodies of water, municipal sewers, septic * 
tanks, etc. Consequently, such waste effluents are 
considered hazardous or do not meet local sewer 
codes and require special handling and disposal 
techniques which can be quite expensive. 

Three general approaches have been used for 
removing hazardous constituents from such ef- 
fluents, in one approach, the effluent is circulated 
through one or more resin columns and the toxic 
constituents collect on the resin. The columns must 
be periodically treated to strip the collected con- 
stituents from the resin. In a second approach, the 
effluent >s charged with a small electrical charge 
which causes metal ions to disassociate and form a 
slurry which may be collected and refined to re- 
cover silver and other valuable metals. In a third 
approach, the effluent is heated to gradually evap- 
orate water and to form a sludge which can be 
disposed of, or in some cases* can be refined to 
recover the valuable metals. 

The evaporative approach is advantageous for 
applications generating smaller volumes of aque- 
ous waste effluents because of the relatively low 
initial and operational cost for the equipment and 
the equipment does not require a large amount of 
space. Prior evaporative systems have one or more 
shortcomings. One type prior system must be pe- 
riodically shut down to physically remove the 
sludge from the evaporative unit Another type in* 
eludes means for pumping the slurry into a barrel 
for disposal. However, the sludge produced by 
both type prior systems is considered a hazardous 
waste under some government regulations because 
of the water content and, therefore, special han- 
dling and disposal requirements must be met. The 
residual water increases the volume of material to 
be handled, transported and/or disposed. In some 
cases, residua* water must be removed from the 



metals or disposed. 



SUMMARY OF THE INVENTION 
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An object of the invention is to provide a sim- 
ple, reliable device and method for reducing the 
volume of aqueous waste effluents containing dis- 
io solved solids and dispersed particulate matter. 

Another object of the invention is to provide 
such a device and method which ts capable of 
reducing the volume of the waste effluent up to 90- 
95% and producing a waste product having a rela- 
;s tively low moisture content 

Another object of the invention is to provide 
such a device which can operate on demand for 
maximum energy efficiency. 

Another object of the invention is to provide 
20 such a device which is compact fully automated 
and requires minimum maintenance. 

Other objects, aspects and advantages of the 
invention will become apparent to those skilled in 
the art upon reviewing the following detailed de- 
25 scripiion, the drawings and the appended claims. 

The invention provides a device for reducing 
the volume of an aqueous waste effluent containing 
dissoived solids and dispersed particuiate matter 
including a holding tank for receiving the waste 
3Q effluent, a processing or heating tank fcr receiving 
the waste effluent from the holding tank and includ- 
ing a heater for heating the effluent to a predeter- 
mined temperature which is below the boiling point 
of water and high enough to cause a portion of the 
35 water to evaporate and be discharged as water 
vapor, an exhaust duct connected in communica- 
tion with the upper portion of the heating tank 
through which water vapors are discharged from 
the heating tank, one or more fitter units for sepa- 
40 rating solids from the resulting slurry and having an 
outlet for returning the filtrate to the heating tank 
and means for agitating Ihe liquid contents of the 
heating tank. After a predetermined heating period, 
the heater is turned off to allow the slurry to cool to 
45 a temperature which promotes prescription of dis- 
solved solids, a predetermined quantity of the cool- 
ed slurry is introduced into a filter unit such as by 
a filter pump, and the heating, cooling and filter 
cycles are repeated, 
so In one embodiment, the agitation means is an 

agitation pump for continuously recirculating the 
liquid contents of the heating tank and the agitation 
pump outlet is connected to conduits which are 
arranged to disperse the recirculated liquid into the 
bcttcm ^crricn of ^eating f ank in a rrarrer 
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which produces a churning action at the surface of 
the liquid contents to enhance evaporation and 
prevent solids building in bottom of the heating 
tank. 

in one embodiment the device includes a plu- 
rality of filter units and each includes a vertically 
extending filter bag having an open upper end 
removably supported above the heating tank and a 
lower end located inside the heating tank above the 
maximum liquid ievei therein* A fitter pump delivers 
a predetermined quantity of the cooled slurry into a 
conduit including a valve for selectively directing 
me slurry flow into one of the fitter units. 

Operation of the heater and filter pumps prefer- 
ably is automatically controlled by an electrical 
system including means for interrupting eiectricaJ 
power to the heater for a predetermined cooling 
period and for initiating operation of the filter pump 
after the cooling cycle has commenced. The elec- 
trical system preferably includes means for operat- 
ing the filter pumps periodically during the filter 
cycle to introduce a predetermined quantity of the 
cooied slurry into a filter unit. 

The transfer pump preferably is operated on 
demand in response to liquid ieveJ sensors in the 
holding and heating tanks. The transfer pump auto* 
matically transfers waste effluent from the holding 
tank into the heating tank any time the liquid level 
in the heating tank is below a predetermined mini- 
mum sevei and the liquid level in the holding tank is 
above a predetermined minimum levei. 

The electrical system preferably also includes 
a controiSer for adjusting the speed of the fan in 
response to the temperature of the liquid in the 
heating tank. 

in one embodiment means are provided for 
adding an acidic or alkaline solution in response to 
the pH of the liquid in the heating tank being above 
or below a predetermined level, respectively- 

SRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a perspective view of a device 
incorporating various features of the invention. 

Fig. 2 is a top plan, partially broken away, 
view of the device illustrated in Fig. 1 . 

Fig. 3 is front sectional view taken generally 
along line 3-3 in Fig. 2. 

Fig, 4 is a side elevationai view taken gen- 
erally along line 4*4 in Fig. 2< 

Fig. 5 is front sectional view taken generally 
along line 5*5 in Fig. 2. 

Fig. 6 is a plan sectional view taken gen- 
erally along line 6-6 in Fig. 3. 

Fig. 7 is an enlarged, fragmentary view of 
the mounting arrangement for a filter bag. 



Fig. 8 is a schematic and block diagram cf 

the electrical system for the device- 
Fig. 9 is an enlarged elevationai view of the 

control panel, 

5 Fig. 10 is a schematic illustration of an al- 

ternate embodiment including a pH control. 



DESCRIPTION OF THE PREFERRED EMBOCI- 

TvWnts 



While the device and method of the invention 
can be used for a wide variety of aqueous waste 

75 effluents containing solids and particulate matter, it 
is particularly adaptable for use with developer, 
fixer and/or wash water from processing photo- 
graphic, X-ray, graphic art film, etc., and will be 
described in connection with that application. 

20 Referring to Fig. 1, the device 10 includes an 

outer housing 12, a front control panel 14, one or 
more (e.g. 2) filter units 16 and an exhaust duct 18 
having an upper end open to the atmosphere out- 
side the building or enclosure in which the device 

25 is located. 

Located inside one end of the housing 12 
(Figs. 2-4) is a holding tank 20 which receives an 
aqueous waste effluent from a photographic film 
processor (not shown). The holding tank 20 series 

30 both as a reservoir for the waste effluent and a 
holding area for the mixture of photochemical* :o 
react and become homogenized. 

Located in the housing 12 next to the holding 
tank 20 is a heating or processing tank 22 ir:o 

35 which the vasie affluent is transferred ! rcm :~s 
holding tank 20. The processing tank 22 includes 
an immersion type, electric heater 24 including a 
heating element 26 for heating the liquid contents 
of the processing tank 22 to a predetermined tem- 

40 perature which is below the boiling point of water 
and high enough to cause a portion of the water to 
evaporate. This temperature is usually about 130 to 
about 180*F. As water evaporates from the waste 
effluent, a slurry containing dissolved and 

45 precipitated solids and initially dispersed particulate 
matter is formed. Water vapor is exhausted to the 
atmosphere through the exhaust duct 18. 

The filter units 16 serve to separate solids and 
particulate matter from the slurry. While various 

so suitable filters and filter media can be used, in the 
specific construction illustrated, the filter units 16 
are supported from the top of the processing tank 
22 and each includes a cylindrical sleeve 28 open- 
ing into the processing tank 22 and mounted on a 

55 panel 30 removably mounted on top of a housing 
12. Each filter unit 16 also includes a cover 32 
removably mounted on the respective sleeve 28 t 
such as by a plurality of leaf-type latches 34, and 
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having an inlet 35 through which the slurry is 
introduced. 

Each cover 32 supports a vertically extending, 
open top filter bag 36 which is made from a suit- 
able fabric, such as polypropylene, and has an 
appropriate pore size for separating substantially all 
the solids and particulate matter from the slurry. To 
minimize premature plugging, the filter bag 36 can 
have a double bag construction with an inner bag 
having a larger pore size and the outer bag having 
art appropriate pore size for maximum separation* 

Surrounding each filter bag 36 is a basket-Hke 
member or perforated sieeve 38 which serves to 
limit the expansion of the filter bag 36 during 
filtering, particularly as the bag becomes tilled with 
solids, and thereby minimizes stretching of the 
fabric which can cause an undesired change in the 
pore size or shape. Extending across the open 
bottom of the perforated sieeve 38 is a pair of 
intersecting brackets 40 (one shown in Ftg. 3)* 
which support the bottom of the filter bag 36 at a 
location relatively close to. but above, the maxi- 
mum liquid level in the processing tank 22, 

Each fitter bag 36 is removably mounted on 
the respective cover 32 so that the solids collected 
therein can be conveniently removed for reclama- 
tion or disposal. Referring to Fig. 7, the upper end 
of the filter bag 36 includes an elastomeric ring 42 
which is disposed -between an annular retainer 44 
and the cover 32. The ring 42 is clamped between 
the retainer 44 and the cover 32 to retain the filter 
bag 36 by turning knobs 46 on each of a plurality 
of circumrerentiaily spaced, studs 46 which extend 
through apertures in the cover 32 and are threaded 
into the retainer mem tor 44. 

Means are provided for agitating the contents 
of the processing tank 22 to minimize the settling 
of solids therefrom. In the specific construction 
illustrated, such means includes an electrically op- 
erated agitation pump 50 for continuously recir- 
culating the liquid contents of the processing tank 
22. The agitation pump 50 includes an inlet con- 
nected via a conduit 52 to the processing tank 22 
and an outlet connected to a return conduit 54. As 
shown in Figs. 3. 4 and 6. the return conduit 54 is 
connected to a manifold 56 located near the bot- 
tom of the processing tank 22. The bottom wall 58 
of the processing tank 22 converges as illustrated 
in Fig. 3 to facilitate draining. 

Connected to the manifoid 56 and extending 
horizontally near each juncture of the bottom wall 
58 and the side walls 60 and 62 of the processing 
tank 22 are a pair of conduits or pipes 64 and 66, 
The pipes 64 and 66 inciude spray nozzies or 
apertures for directing a flow of the pressurized 
liquid being recirculated by the agitation pump 50 
into the bottom corners and along the bottom wall 
z-f c recessing "ank 22 as illustrated bv arrows 



In Figs, 3 and 6. This provides a scrubbing action 
which minimizes the build up of solids and/or par- 
ticulate matter on the bottom wall of the processing 
tank. 

s Also connected to the manifold 56 and extend- 

ing horizontally beneath the heating element 26 is 
a conduit or pipe 68 including a plurality of spray 
nozzles or apertures for directing an upward flow of 
pressurized liquid being recirculated by the agita- 

70 tion pump 50 through a central opening in the 
heating element 26. This provides a "cleaning" 
action for minimizing the buildup of solids on the 
heating element 26 which can adversely affect its 
heat transfer efficiency. Also, this upward fiow t 

is coupled with the agitation created by the flow from 
the pipes 64 and 66, minimizes settling of solids 
dispersed in the slurry and also produces a churn- 
ing action which disrupts the surface of the liquid in 
the processing tank- Cooling at the liquid surface 

20 tends to cause the formation of a salt-rich layer 
which can inhibit evaporation. The surface disrup- 
tion created by liquid being recirculated by the 
agitation pump 50 minimizes this undesirable con- 
dition. 

25 The waste effluent from a photographic proces- 

sor can be introduced into the device by lifting a 
cover 70 on the housing 12 and manually dumping 
it into the holding tank 20, by gravity feed from a 
processor (not shown) through one or more hose 
3Q connections 72 (Fig. 1) on the housing 12 or by an 
electrically operated auxiliary pump 74 (Fig. 5) 
having an inlet connected via a conduit 76 to a 
processor and an cutlet connected via a conduit 73 
to the holding tank 20. 
3$ The effluent is transferred from the holding 

tank 20 to the processing tank 22 by an electrically 
operated transfer pump 80 (Fig. 5) having an inlet 
connected via a conduit 82 to the bottom portion of 
the holding tank 20. The transfer pump 80 delivers 
40 the waste effluent to the processing tank 22 via a 
conduit 84 having an outlet located in the upper 
portion of the processing tank 22. 

Means are provided for inducing a flow of air 
through the processing tank 22 above the maxi- 
45 mum liquid level therein and out through the ex- 
haust duct 18 to accelerate the evaporation of 
water. In the preferred construction illustrated, such 
means includes an air inlet 86 (Ftgs. 2 and 3) in the 
holding tank 20, an air passage 88 (Fig. 3) in the 
so processing tank 22 communicating with the holding 
tank 20, and an induction type, exhaust fan 90 (Fig. 
4} in the exhaust duct 18. The holding tank air inlet 
86 and the air passage 88 in the processing tank 
22 are at a location above the maximum liquid level 
55 in the holding talk 20, 

The effluent may include silver, other metals 
such as chromium, lead, and nickel, some organic 
materials ard other oarticuiate matter. To minimize 
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the volume of waste to be refined for recovery of 
silver and other valuable metals or to be disposed, 
a portion of the slurry is periodically withdrawn 
from the processing tank 22 and introduced into 
one of the filter units 16. The solids and particulate 
matter in the slurry are separated and collect inside 
a filter bag 36. 

In the preferred construction illustrated, an 
electrically operated filter pump 92 having an inlet 
connected via a conduit 94 to the processing tank 
22 is provided for this purpose. The outlet of the 
fitter pump 92 Is connected to a common conduit 
96 which is connected through a 3-way selector 
valve 98 to a first conduit 100 for directing the 
slurry into the inlet 35 of one filter unit 16 and a 
second conduit 102 for directing slurry into the inlet 
35 of the other filter unit 16. To facilitate installation 
and removal of the filter bags 38, the conduits 100 
and 102 preferably are flexible hoses and are con* 
nected to the Nets 35 by a quick disconnect type 
fixture. The fitter selector valve 98 is selectively 
operable, either manuaJty or automatically, between 
positions which direct slurry flow through either the 
first conduit 100 or me second conduit 102. While 
various suitable valves can be used, in the specific 
construction illustrated, the filter selector vaJve 98 
is an electric motor-driven bail valve. 

During operation, the waste effluent is first sub- 
jected to a predetermined heating cycle (e.g., 8 
hours) with the exhaust fan 90 running to exhaust 
water vapors to atmosphere. The agitation pump 50 
preferably is operated during this heating cycle to 
prevent the particulate matter suspended in the 
waste effluent from settling, to keeo the heating 
element 26 clean and to ennance evaporation. 

After completion of the heating cycle, the heat- 
er 24 is turned off and the slurry is allowed to cool 
to a temperature {e,g„ 100-110* F) which begins to 
promote precipitation of dissolved solids, if not 
already operating, the agitation pump 50 is op- 
erated during this cooling cycle to keep the precipi- 
tating solids in suspension. The exhaust fan 90 
preferably is operated during the cooling cycle to 
remove any water vapors from the processing tank 
22. 

After completion of this temperature reduction 
or cooling cycle, the filter pump 92 is periodically 
operated for a predetermined time (e.g., 4 sec- 
onds) to withdraw a predetermined quantity of the 
cooled slurry from the processing tank 22 and 
deliver it into one of the filter units 16. As the 
coded slurry slowly passes through a filter bag 36, 
the precipitated solids collect inside the bag and 
the filtrate drains back into the processing tank 22- 
The filter bag 36 is allowed to substantially com- 
pletely drain (e.g.. for about 4 minutes) before the 
fitter pump 92 is operated again. Periodic operation 
of the filter pump 92 is repeated in this manner to 



effect a fill and 6r3in sequence throughout a filter 
cycle of a predetermined length of time (e.g., about 
4 hours). Since the heater 24 is turned off during 
the filter cycle, the temperature of the slurry contin- 

5 ues to drop and may even reach the ambient 
temperature in some cases. The exhaust fan 90 
preferably is operated during the filter cycle, 

It has been found that filtering slurry which has 
not been cooled causes the filter bags 36 to be- 

io come caked with solids within a relatively short 
period. Also, it had been found that continuously 
circulating the slurry through a fitter bag 38 creates 
a mixing action which tends to cause the precipitat- 
ed solids to go back into solution and pass through 

is the pores of the filter bag. Cooling she slurry before 
filtering and using a fill and drain sequence as 
described above minimizes both of these prob- 
lems- 
After the completion of the filter cycle, the 

20 heater 24 is turned back on and the heating, cooi* 
ing and filter cycles are repeated. 

Means preferably are provided for terminating 
the Mow of cooled slurry into a filter unit 16 in 
response to the respective filter bag 38 becoming 

25 loaded with solids to the point where the pressure 
applied on the bag is high enough to cause the 
bag to stretch and possibly tear and/or cause the 
seal between the ring 42 and the retainer 44 to 
break. In the specific construction illustrated, such 

30 means includes a liquid level sensor 109 (Fig. 3) 
depending from the cover 32 and extending into 
the filter bag 36 to a predetermined liquid level 
corresponding to a maximum safe pressure or lead 
on the filter bag 36. The level sensor 109 is cp- 

25 arable to tenranate operation of tne filter pump 12 
in response to the liquid in the filter bag 36 reach- 
ing the predetermined level during a fill and drain 
sequence. 

When this occurs, the filter selector vaJve 98 

40 can be operated to direct the flow from the filter 
pump 92 into* the other filter unit 16. A full filter bag 
can be removed by disconnecting the conduit 100 
or 102 from the respective filter inlet 35, unlatching 
the latches 34 r lifting the cover 32 and the filter bag 

45 36 out of the sleeve 28 and turning the knobs 46 to 
separate the retainer 44 from the cover 32 far 
enough to release the ring 42. 

The solids collected in the filter bag 36 f which 
usually represents about 5-10% of the original vcf- 

so urne, have a relatively low moisture content* Le.. 
typically look and feel like wet sand. The solids 
from some waste effluents contain reclaimabie ma- 
terials such as silver. 

Operation of the transfer pump 80. the filter 

ss pump 92 t the agitation pump 50, the fan 90, the 
heater 24, the filter selector vaJve 98, and the 
auxiliary pump 74, if used, can be controlled by an 
electrical system 110 illustrated diagrammaticaily in 
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Fig. 3. it is arranged so that the device runs on 
demand and can be operated safely for extended 
periods of time without an operator. 

The processing tank 22 includes a high liquid 
ievei senscr 1 1 2 (Fig. 3) at a location below the air 
passage 88 and corresponding to the desired maxi- 
mum liquid level. The processing tank 22 also 
includes a low liquid ievei sensor 114 at a location 
corresponding to a desired minimum liquid level 
which insures that the volume of the liquid in the 
processing tank is sufficient to prevent the viscosity 
of the slurry from reaching a Ievei where it cannot 
be readily recirculated by the agitation pump 50 
and/or the filter pump 92, The processing tank (FT) 
high ievei sensor 11 2 is electrically connected to a 
relay 116 including normally closed contacts 1 18 in 
the power circuit for the transfer pump 80. The 
contacts 118 are closed to permit electrical power 
to be supplied to the transfer pump 80 when the 
liquid level in the processing tank 22 is below the 
PT high level sensor 112 and are opened to inter* 
rupt the supply of electricai power to the transfer 
pump 50 when this liquid ievei is above the PT 
high level sensor 112 and the relay 116 is en- 
ergized. 

The PT low level sensor 114 is electrically 
connected to a reiay 120 including normally open 
contacts 122 in the power circuit for the heater 24. 
The contacts 122 are closed to permit eiectricai 
power to be supplied to the heater 24 when the 
liquid level in the processing tank 22 is above the 
pj < cw eV !5i sensor 114. The contacts 122 are 
opened to interrupt the suppiy of electricai power 
to the heater 24 any time the liquid level in the 
processing tank 22 drops below the PT low level 
sensor 1 14 and the relay 120 is energized. 

The heater 24 and the fan 90 are electrically 
ccnnected to a suitable controller 124 which is 
operable to adjust the electricai power supplied to 
the heater and the fan motor. The electricai system 
110 includes an electrical temperature sensing de- 
vice 1 26 which senses the temperature of the liquid 
in the processing tank 22 and transmits an elec- 
tricai signal representative of that temperature to 
the controller 124. The controller 124 compares 
that temperature to a set point 128 and transmits 
the appropriate electrical power to the heater 24 to 
obtain the preset temperature. The controller 124 
also compares tine measured temperature to the 
set gomt and transmits the appropriate electrical 
power for increasing or decreasing the fan speed 
when the temperature is above and below the 
preset value, respectively. 

The controller 124 and the fan motor are con- 
nected directly to the power input circuit of the 
electrical system and are operable even though the 
power switch 130 is not in the "on" position. A 



duct 18 closes when the pressure delivered by the 
fan 90 reaches a predetermined pressure level 
(e.g., 0.3 p.s.i.) which insures that vapors are with- 
drawn from the processing tank 22. 

s Any time the device is connected to an elec- 

trical power source, the fan 90 turns on at a low 
setting, if the pressure switch 132 does not close 
within a predetermined time period, the fan motor 
increases the speed of the fan 90 incrementally at 

jo preset time intervals until the pressure switch 132 
closes. If the pressure switch 132 is not ciosed 
within a predetermined time Interval after the fan 
90 reaches its maximum speed, an alarm is soun- 
ded, 

is Once the pressure switch 132 closes, the fan 

90 remains at that speed until the temperature of 
the liquid contents cf the heating tank 22 reaches a 
maximum preset temperature (e.g., 120-160* F). 
When that occurs, the heater 24 is turned off and 
zo the fan speed increases incrementally at predeter- 
mined time intervals until the temperature of the 
liquid contents drops below a preset minimum tem- 
perature* The heater 24 is then turned back on and 
the fan speed is decreased incrementally at pre- 
25 determined time intervals until the temperature of 
the liquid contents reaches the preset maximum 
and the cycle is repeated. If the fan speed drops to 
a point where the pressure switch 132 opens, the 
fan speed is increased incrementally until the pres- 
to, sure switch 132 closes. Such an operation ensures 
that a sufficient flow of air is drawn from the 
processing tank 22 to maximize evaporation and 
maintain an efficient operation of the heater 24 and 
the fan 90. 

35 The heater 24 includes an integral thermistor 

(not shown) which is electrically connected to a 
safety circuit including a reiay 134 having normally 
closed contracts 136 in the power circuit for the 
heater 24, The contacts 136 are opened to interrupt 

40 the suppiy of electricai power to the heater 24 and 
an alarm 138 is sounded in the event the tempera- 
ture of the heating element 26 reaches a predeter- 
mined temperature {e.g., 385* F) above which parts 
could melt or otherwise be damaged. 

45 In the specific embodiment illustrated, the agi- 

tation pump 50 is connected in the electrical sys- 
tem so that it operates any time the power switch 
130 is in the "on" position. 

The holding tank 20 includes a low liquid level 

sq sensor 140 (Fig, 3) at a location corresponding to 
the desired minimum liquid level therein. The hold- 
ing tank (HT) low level sensor 140 is electrically 
connected to a relay 142 including normally closed 
contacts 144 in the power circuit for the transfer 

56 pump 80. The contacts 144 are closed to permit 
electrical power to be supplied to transfer pump 80 
when the liquid level in the holding tank is above 
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interrupt the suppiy of electrical power to the trans- 
fer pump 80 when this liquid level is below the NT 
lew levei sensor 140. 

Thus, when the power switch t30 is in the "on" 
position, the transfer pump 30 automatical com- 
mencing transferring effluent from the holding tank 
20 to the processing tank 22 any time the liquid 
level in the holding tank 20 is above the HT icw 
level sensor 140 and the liquid level in the process- 
ing tank 22 drops below the PT low levei sensor 
1 1 4 and continues transferring until the liquid levei 
in the processing tank 22 reaches the PT high level 
sensor 112. 

The auxiliary pump 74 is connected to a power 
source 146 independent of the device and is elec- 
trlcaiiy connected to the electrical system 110 for 
operationai control. The holding tank 20 includes a 
high liquid level sensor 148 at a location cor- 
responding to the desired maximum liquid levei. 
The holding tank (HT) high level sensor 148 is 
electrically connected to a relay 1 50 including nor- 
mally closed contacts 1S2 in the power circuit for 
the auxiliary pump 74. The contacts 152 are closed 
to permit electrical power to be supplied to the 
auxiliary pump 74 when the liquid level in the 
holding tank 20 is below the HT high level sensor 
148 and are opened to interrupt the supply of 
electrical power to the auxiliary pump 74 when this 
liquid levei is above the HT high levei sensor 143 
and the relay 150 is energized. 

Tnus, when the auxiliary pump 74 is connected 
to the power source 146 and electrically connected 
to the electrical system 110, li automatically deliv- 
ers effluent from a photographic processor to the 
hoicing tank 20 any time the liquid level in the 
holding tank 20 is below the HT high level sensor 
1 48. The electrical system 1 1 0 can be arranged so 
that in the event the liquid level in the holding tank 
20 is at or above the HT high level sensor 148, the 
auxiliary pump 74 is inoperative and an alarm Is 
sounded to warn the operator to direct the effluent 
stream to a different storage container or turn off 
the processor. 

The PT high and low level sensors 112 and 
114 preferably are periodically sprayed with liquid 
to prevent the accumulation of solids thereon. Re- 
ferring to Figs. 4 and 5, a supply of municipal 
water is connected via a conduit 1 54 to the inlet of 
a soieniod-operated vaive 156 mounted on the front 
wall of the processing tank 22. The valve 156 
controls the flow of water through a pair of short 
pipes 158 and 160 which direct a spray over the 
sensing portions of the PT high and low level 
sensors 112 and 114, respectively, as illustrated in 
Rg, 4, Alternately, the spray valve 156 can be 
replaced with an electrically operated pump (not 
shown) which is connected to the holding tank and 
is operable to periodically pump a flow of waste 



effluent from the holding tank over the sensing 
portions of the HT high and low level sensors 1 1 2 
and 114, 

in the specific embodiment illustrated, the elec- 
s trical system 110 is arranged to automatically se- 
quence the heating, cooling, filter and spray cycles, 
A 24-hour timing device 162 triggers these cycles 
during normal operation. The main timing device 
162 is electrically connected to a spray timer 164 

to operably connected to normally open contacts 166 
in the power circuit for the solenoid of the spray 
valve 156, The contacts 166 are closed and elec- 
trical power is supplied to the solenoid when the 
spray ~timer 164 is energized by the main timing 

75 device 162. The spray timer 164 returns the con- 
tacts 166 to their normally open position after a 
predetermined spray time (e.g., 10 seconds). The 
main timing 162 also triggers a timer 168 which 
controls the cooling cycle. 

20 The specific gravity or viscosity of the slurryjn 

the processing tank 22 is measured by suitable 
measuring device 170 (Illustrated schematically in 
Rg. 3), such as vicosimeter or the like, operably 
connected to a relay 172 including normally open 

25 contacts 174 in the circuit between the main timing 
device 162 and the cooling cycle timer 168. The 
contacts 174 are closed in response to the measur- 
ing device 170 sensing a predetermined specific 
gravity or viscosity corresponding to the maximum 

30 desired for the slurry. 

The heating cycle and the agitation pump 50 is 
started when the power switch 130 is moved to the 
"on" position, As pointed out above the fan 90 Is 
turned on when the device Is connected tc an 

35 electrical power source. The illustrated a^ectricai 
system 1 10 is arranged so that both the fan 90 and 
agitation pump 50 continue to operate throughout 
the heating, cooling and filter cycles. 

At one or more preset times during each 24- 

40 hour period, the msin timing device 162 sends a 
signal to energize the spray timer 1 64 which opens 
the spray valve 158 for a predetermined time. At 
the same time, the main timing device 1 62 sends a 
signal to energize the cooling cycle timer 168 if the 

45 contacts 174 are closed because the specific grav- 
ity or the viscosity of the slurry is above the 
predetermined maximum value. If the contacts 174 
are not closed, the heating cycle continues until the 
main timing device 162 sends another signal at the 

so next preset time. 

The cooling cycle timer 168 is operably con- 
nected to normally closed contacts 178 in the 
power circuit for the heater 24. The contacts 178 
are opened to interrupt the supply of electrical 

55 power to the heater 24 in response to operation of 
the cooling cycle timer 168 and remain open for a 
predetermined time period (e.g., 7 hours) governed 
by the cooling cycle timer 168. At the end of that 



13 



EP 0 337 455 A1 



14 



time period, the contacts 178 return to their nor- 
mally closed position and the heater 24 is turned 
back on, unless the the relay 120 or the relay 134 
is energized. 

Upon energization by the main timing device 
162, the cooling cycle timer 168 also sends a 
signal to energize a timer 180 which controls the 
filter cycle. The niter cycle timer 180 triggers a 
timer 182 which controls the operation of the filter 
pump 92. The filter cycle timer 180 is set to deiay 
sending a signal to the filter pump control timer 
182 for a predetermined time period (e.g., 1-1/2 to 
2 hours) required for the slurry to cool down to a 
temperature which promotes precipitation of solids 
in the slurry and then subsequently de-energizes 
the filter pump control timer 132 after a predeter- 
mined time period {e.g., 4*5 hours). 

the filter pump control timer 182 is operabiy 
connected to normally open contacts 184 in the 
power circuit for the Utter pump 92. The contacts * 
184 are closed to permit electrical power to be 
supplied to the filter pump 92 in response to opera- 
tion of me filter pump control timer 182 which is 
set to operate the filter pump 92 for a relatively 
short period (e.g., 4 seconds) to introduce a quan- 
tity of the cooied slurry into a filter unit 16. The 
filter pump control timer 182 then opens the con- 
tacts 184 to turn the filter pump 92 off for a longer 
period <e.g„ 4 minutes), so the cooked slurry can 
completely drain through the filter bag, and then 
repeats mis fill and drain sequence throughout the 
filter cycle. 

The filter cycle timer 180 is operabiy con- 
nected to normally open contacts 186 in the power 
circuit for a reversible electric motor 188 which 
drives the fitter selector valve 98 between the two 
filter positions- Thus, the selector valve 98 is 
moved from one filter position to the other each 
time the filter cycle timer 180 is energized. 

The level sensors 109 in me niter units 1 16 are 
electrically connected to a relay 190 including nor- 
mally closed contacts 192 in me power circuit for 
the filter pump 92. The contacts 192 are opened to 
interrupt the supply of electricaJ power to me filter 
pump 92 in the event me liquid level in the filter 
bag 36 of the filter unit 16 into which the cooied 
slurry is being introduced reaches the respective 
level sensor 1 09. 

Each of the filter units 16 includes an electricaJ 
switch 194 (one shown schematically for right filter 
unit in Ftg. 3) which is operable to indicate whether 
the respective cover 132 is open or closed. The 
switches 194 are electrically connected to a relay 
196 including normally open contacts 198 in the 
power circuit for me filter pump 92. The contacts 
198 are closed to permit electrical power to be 
supplied to the filter pump 92 when the cover 132 



being introduced is dosed to energize the relay 
196. The contacts 198 are opened to interrupt me 
supply of electrical power to me filter pump 92 in 
me event me filter unit cover is not closed. 

5 The PT low level sensor relay 120 includes 

normally open contacts 200 in the power circuit to 
the filter pump 92- The contacts 200 are closed to 
permit electricai power to be supplied to me filter 
pump 92 when me liquid level in the processing 

w tank 22 is above the PT low level sensor 114 to 
energize me relay 120 and are opened to interrupt 
me supply ef electrical power to the filter pump 92 
when mis liquid level is below me PT low level 
sensor 114* 

rs Thus, the filter pump 92 cannot operate if me 

filter unit 32 is not closed, me filter bag 36 is full of 
the liquid level in me processing tank 22 is below 
the PT tow level sensor 114. 

The front control panei 14 indudes lights 210, 

20 212 and 214 which respectively indicate when me 
transfer pump, me agitation pump and the filter 
pump is operating and a light 218 which indicates 
when the spray valve is open. It also includes rights 
218, 220 and 222 which indicate me liquid level in 

25 me holding tank 20 and lights 224, 226, and 228 
which indicate the liquid level in me processing 
tank 22. 

The control panei 14 also includes touch type 
switches 230 and 232 for turning me electrical 
so power on and off, touch type switches 234, 236, 
238 and 240 for manually operating the pumps and 
the spray valve and touch type switches 242 and 
244 for adjusting the temperature setting of the 
heater. 

35 The tendency for some waste effluents to pro- 

duce toxic vapors is directly related to me pH 
during heating- Fig. 10 illustrates an alternate em- 
bodiment including a system for maintaining me 
pH of me liquid in me processing tank 22 within a 
40 predetermined range. In mis embodiment a con- 
tainer 246 of an acidic solution and a container 248 
of an alkaline or base solution are connected to me 
processing tank 22 via respective conduits 250 and 
252 and respective solenoid-operated valves 254 
45 and 256. Operation of the valves 254 and 256 is * 
controlled by a suitable controller 258 electrically 
connected in the electricai system 110. The con- 
troller 258 receives a signal representative of me 
pH of me liquid in me processing tank 22 from a 
so pH sensing device 260. compares mat signal to a 
set point for me desired pH and transmits a signal 
to operate either valve 254 or valve 256. depending 
whether me measured pH is above or below me 
set point The controller 258 can be set up to keep 
55 a valve opened for a predetermined time interval 
and not reopen mat valve for some time, even 
though me measured pH still varies from set point, 
in order ctve added solution time to become 
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dispersed. 

From the foregoing description, one skilled in 
the art can easily ascertain trie essential features of 
the invention and, without departing from the spirit 
and scope thereof, make various changes and 
modifications to adapt it to various usages. 



Claims 

1. A device for reducing by evaporation the 
volume of an aqueous waste effluent containing 
dissolved sciids and dispersed particulate matter 
comprising 

a holding tank for receiving the waste effluent; 
a heating tank for receiving waste effluent from 
said holding tank and including a heater for heating 
the waste effluent contained therein to a predeter- 
mined temperature which is below the boiling point 
of water and high enough to cause a portion of the 
water to evaporate and be discharged as water 
vapor, leaving a slurry containing solids and* par* 
ticulate matter; 

means For transferring waste effluent from said 
holding tank into said heating tank; 
an exhaust duct connected in communication with 
the upper portion of said heating tank through 
which water vapors are discharged; 
one or more filter units for separating solids from 
said slurry passing therethrough and having an 
outlet for returning the nitrate from said filter unit to 
said heating tank and an in Jet; 
means for terminating operation of said heater for a 
sufficient time to allow the slurry in said heating 
tank to cooi to a temperaiure which promotes pre- 
cipitation of dissolved solids therein; 
means for withdrawing a predetermined quantity of 
the cooled slurry from said heating tank and de- 
livering same into said filter unit and 
means for agitating the liquid contents of said 
heating tank. 

2. A device that according to Claim 1 wherein 
said agitation means includes 

an agitation pump for recirculating the liquid con- 
tents of said heating tank and having an inlet 
connected in communication with said heating tank 
and an outlet and 

means connected in communication with the outlet 
of said agitation pump for dispersing the recir- 
culating liquid into the bottom portion of said heat- 
ing tank in a manner which produces a churning 
action at the surface of the liquid contents of said 
heating tank. 

3. A device according to Claim 2 wherein said 
heater includes a heating element immersed in the 
liquid contents in said heating tank; and 



said dispersing means inciudes means for directing 
an upward flow of the recirculated liquid past said 
heating element. 

4. A device according to Claim 1 including an 
5 ambient air inlet in said holding tank above the 

maximum liquid level therein; 
means in said heating tank above the maximum 
liquid level therein connecting said air inlet in com- 
munication with said exhaust duct and 
to an exhaust fan in said exhaust duct. 

5. A device according to Claim 1 wherein said 
filter unit includes a vertically extending filter bag 
having an open upper end removably supported 
from said heating tank and a lower end located 

ts inside said heating tank above the maximum liquid 
level therein. 

5. A device according to Claim 5 including a 
perforated sleeve surrounding said filter bag for 
limiting the expansion of said filter bag during 

20 filtering. 

7. A device according to Claim 5 wherein 
each of said filter units includes a filter infet 
through which the cooled slurry is introduced into 
said filter bag; and 

25 said withdrawing means includes a filter pump hav- 
ing an inlet connected in communication with said 
heating tank and an outlet, filter conduit means 
connecting said filter pump outlet in communication 
with each of said filter inlets and valve means in 

30 said filter conduit means for selectively directing 
the How of the cooted slurry from said filter pump 
into one of said filter units. 

3. A device according to Claim 7 including 
means for terminating operation of said fitter pump 

J5 !n response tc a saic filter oag becoming 'iKed - r 
a predetermined amount of soiids. 

9. A device according to Claim 7 wherein said 
heater and sad filter pump are electrically operated 
and said device includes a control for operating 

40 said heater and said filter pump, said control com- 
prising 

an electrical system interconnecting said heater 
and said filter pump; 

means in said electrical system for interrupting 
45 electrical power to said heater for a predetermined 
cooling period: and 

means in said electrical system for initiating opera- 
tion of said filter pump a predetermined time after 
the cooling period as commenced and thereafter 
so operating said filter pump for a predetermined filter 
period, 

10. A device according to Claim 9 wherein said 
electrical system includes means for operating said 
filter pump periodically during the filter cycte to 

55 deliver a predetermined amount of the cooled slur- 
ry into a said filter unit 
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1 1 . A device according to Claim 9 wherein 
said control includes a liquid low level sensing 
means in said heating tank at a level corresponding 
to the desired minimum liquid level therein; and 
said electrical system includes means for permit- 
ting and interrupting the supply of electrical power 
to said heater and said filter pump in response to 
the liquid level in said heating tank being above 
and dropping below said heating tank low level 
sensing means, respectively. 

12- A device according to Claim 1 1 wherein 
said waste effluent transfer means includes an 
electrically operated transfer pump electrically con- 
nected in said electrical system; 
said control means includes a liquid high level 
sensing means in said heating tank at a location 
corresponding to the desired maximum liquid level 
therein and a liquid low tevel sensing means in said 
holding tank at a location corresponding to the 
desired minimum liquid level therein; and 
said electrical system includes means for permit* 
ting and interrupting the supply of electricai power 
to said transfer pump in response to the liquid level 
in said heating tank being below and rising above 
said heating tank high level sensing means, re- 
spectively, and means for permitting and interrupt- 
ing the supply of electrical power to said transfer 
pump in response to the liquid level in said holding 
tank being above and dropping beiow said holding 
tank low level sensing means, respectively. 

13. A device according to Claim 12 including 
means for periodically directing a flew of water or 
the waste effluent over said heating tank high and 
low level sensing means. 

14. A device according to Claim 12 including 
an efectncafiy operated auxiliary pump electrically 
connected in said electrical system for delivering 
waste effluent into said holding tank and wherein 
said control means includes a liquid high level 
sensing means in said holding tank at a level 
corresponding to the desired maximum liquid level 
therein: and 

said electrical system includes means for permit- 
ting and interrupting the supply of electrical power 
to said auxiliary pump in response to the liquid 
levei in said holding tank being below and rising 
above said holding tank high level sensing means, 
respectively. 

15- A device according to Claim 1 including 
a supply of an acid solution including first valve 
means which is selectively operable to introduce 
the acid solution into said heating tank; 
a supply of an aikaiine solution including second 
valve means which is selectively operable to intro- 
duce the alkaline solution into said heating tanks; 
pH sensing means in said heating tank for sensing 
the pH of the liquid contents of said heating tank; 
and 



a controller means interconnecting said Ph sensing 
means with said first and second valve means and 
operable to open said first valve means for a pre* 
determined time period in response to the pH of 

5 the liquid in contents of said heating tank being 
above a predetermined level and to open said 
second valve means for a predetermined time pe- 
riod in response to the pH of the liquid in contents 
of said heating tank being below a predetermined 

io leveL 

1 6. A device according to Claim 9 including 
a fan in said exhaust duct; 

temperature sensing means in said heating tank for 
sensing the temperature of the liquid contents 
is therein; 

variable speed electric motor for operating said fen; 
and 

controller means in said electrical system con- 
nected to said fan motor and operable to increase 
20 and decrease the speed of said fan in response to 
the temperature of the liquid contents of said heat- 
ing tank dropping beiow and increasing above a 
predetermined level, respectively. 

17, A device according to Claim 9 wherein 

25 said control means includes a liquid level sensing 
means in each of said filter units located in the 
respective filter bag at a location corresponding to 
a predetermined maximum load on said filter bag; 
and 

zo said electrical system includes means for permit- 
ting and interrupting the supply of electrical power 
to said filter pump in response to the liquid level in 
a said filter bag ;eing below and rising above said 
filter bag level sensing means, respectively - 

35 18. A device according to Claim 9 wherein 

each of said filter units has a cover supporting said 
filter bag and including said filter inlet: 
said control means includes switch means on each 
of said filter units for indicating when said cover is 

40 in an open or closed position; and 

said electrical system includes means for permit- 
ting and interrupting the supply of electrical power 
to said filter pump when said switch indicates said 
cover is in the closed and open positions, respec- 

4$ tiveiy. 

19. A method for reducing by evaporation the 
volume of an aqueous waste effluent containing 
dissolved solids comprising the steps of: 

(a) introducing the waste effluent into a heat- 
so ing chamber 

(b) heating the waste effluent for a predeter- 
mined heating cycle in the heating chamber to a 
temperature which is below the boiling point of 
water and high enough inside the heating chamber 

55 to cause a portion of the water to evaporate and be 
discharged as water vapor, leaving a siurry contain- 
ing solids; 
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(c) after completion of the heating cycie, 
initiating a cooling cycie during which the slurry in 
the heating chamber is allowed to cool to a tem- 
perature which promotes precipitation of dissolved 

solids; 5 

(d) after completion of the cooling cycle and 
for a predetermined filter cycle, withdrawing a por- 
tion of the cooled slurry from the heating chamber, 
passing same through a filter unit to separate 
solids therefrom and returning the filtrate from the w 
Miter unit to the heating chamber; 

(e) after completion of the filter cycle, re- 
peating (a) through (d); 

(f) passing a flow of ambient air over the 
liquid into the heating chamber and withdrawing ts 
same along with water vapors from the top portion 

of the heating chamber at least during the heating 
cycle; and 

(g) agitating the contents of the heating 
chamber to minimize settling of solids therefrom at 20 
least during the cooling and filter cycles. 

20. A method according to Claim 19 wherein 
step (f) is carried out continuously throughout the 
heating, cooling and filter cycles* 25 

21. A method according to Claim 19 wherein 
step (g) is carried out continuously throughout the 
hearting, cooling and filter cycles. 

22. A method according to Claim 19 wherein 

the filter unit includes a vertical filter bag having an 30 
open top; and 

during step (d) a predetermined quantity of the 
cooled slurry is periodically introduced into the top 
of the filter bag and the filtrate drains from the filter 
cag back into the heating chamber. 35 

23. A method according to Claim 19 including 
the steps of: 

measuring the specific gravity of the slurry in the 
heating chamber; and 

initiating the cooling cycle after the specific gravity 40 
reaches a predetermined value. 

24. A method according to Claim 22 including 
the steps of: 

sensing the liquid level in the filter bag; and 

terminating the filter cycie in response to the liquid 45 

in the filter bag reaching a predetermined level. 
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